INTRODUCTION
The implementation of patient safety strategies during hospital stays is one of the challenges faced by healthcare institutions, managers and workers, and by patients and their chaperones/families. The numerous aspects that impair safe practices range from the structure of healthcare institutions to the material and human recourses (1) (2) (3) . However, in an attempt to minimise these issues, improvements in work processes and assistance have multiplied at international and national levels.
The guidelines of the World Health Organisation and, in Brazil, the ministry of health have spurred changes in the practices of health care, education and research. Some of these actions include the national patient safety programme established in Brazil in 2013 1 . One of the international (2) and national (3) goals is the prevention of falls during hospitalisation. Falls are defined as events in which individuals "inadvertently move downward onto the ground or any other lower level, excluding intentional position changes to lean on furniture, walls or other objects" (2) . One of the strategies for preventing falls is the early identification of the risk of falling. To this end, the Morse Fall Scale was translated and cross-culturally adapted to Brazilian Portuguese in 2013 (4) . In its original version, published by Morse in 1989, the sum of six items is used to produce a patient score that ranges from low and medium/moderate risk to high risk (5.6) . In the study of the Brazilian Portuguese translation and adaptation of the Morse Fall Scale (MFS-B), there was an agreement between the evaluators/judges regarding the perfect score (0.819 to 1.000) when applying the scale to all the items, with the exception of the item "Gait" that reached a substantial classification (0.798). For the assessment of total and individual variability estimate of the measurements between the evaluators/judges, the Intraclass Correlation Coefficient (ICC) was 0.982 (p<0.01). Therefore, the MFS-B presented excellent reproducibility (4) . The original MFS was translated, adapted and validated for use in other countries. The results of these studies available online were from Korea (7) , China (8) , Germany (9) and Portugal (10) . For the latter version, only the translation and cross-cultural adaptation are available. The cutoff point and the capacity to predict falls of the MFS has been questioned in several studies from different countries. To obtain a more profound understanding of the power of risk prediction and validity of the MFS-B, it was necessary to conduct a further study that is described in this paper.
The research question for this study was: Is the Morse Fall Scale translated and adapted to Brazilian Portuguese valid for use in Brazil and is it capable of predicting the fall risk of hospitalised adults? Therefore, the aim of this paper is to analyse the risk prediction capacity of the MFS-B and to verify the validity of this scale.
METHOD
This is a methodological, longitudinal study with 1487 adult patients of two medium and large university hospitals of Rio Grande do Sul, Brazil. The study population was adult patients admitted from November 2013 to March 2014. A total of 1487 patients met the following inclusion criteria: ≥ 18 years of age, admitted to clinical or surgical units, and evaluated in relation to factors associated with falls within 48 hours of the initial time of admission. The sample was defined according to the average number of hospitalised patients in the study period (3900 patients), considering an estimated percentage of 50% and a sampling error of 2%.
Data were collected with the patients every day during the morning, afternoon, and night shifts by a team of nine students of the undergraduate and the graduate nursing programme who were previously trained by the research coordinators. The patients were monitored until hospital discharge, transfer or death.
The survey instrument contained two parts. The first part consisted of patient variables, namely age (in full years), gender (male or female), date of admission and discharge. The second part contained items of the MSF-B (4) and information on the occurrence of falls (yes or no).
The (4) . The sum of the scores of each item generates a score for a low-risk rating (0-24 points), moderate risk rating (25-44 points) or highrisk rating (≥ 45 points) (4, 5) . The data was inserted into Excel® by means of double entry and compared to find inconsistencies. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS 18.0) with descriptive and inferential measures and techniques, namely, frequency tables, position measurements, variability measurements, Chisquare test, confidence intervals for average, factor analysis, and Cronbach's alpha. Statistical analysis was carried Rev Gaúcha Enferm. 2016 Dec;37(4):e62200 out to evaluate the results obtained by the MFS-B based on the three outcomes: a) Fall risk prediction: estimated by the area under the ROC curve (Receiver Operating Characteristic Curve); b) Reliability: measured using Cronbach's alpha calculation to check that all items of the MFS-B assess aspects of different concepts, as opposed to the same concept; and c) Factor analysis (FA): checks the validity of the factorial structure of the original instrument in the Brazilian version by means of principal component analysis and varimax rotation. The number of factors was selected according to the Kaiser normalisation, that is, the eigenvalues of the detected factors had to be greater than 1. Before proceeding with the factor analysis of the items, the basic assumptions were evaluated to apply the technique using Bartlett's sphericity test and the KMO (11) . d) Discriminant analysis was used to check which items of the MFS best discriminate patients who have suffered falls and patients with no recorded falls.
Pearson's correlation coefficient was used to analyse the correlation between the items of the MFS. The adopted significance level for all the analyses was 5%.
The research project was approved by the research ethics committee of the Pontifícia Universidade Católica do Rio Grande do Sul (OF. CEP -1272/09) and of the Universidade Federal de Santa Maria (CAAE 12173213.1.0000.5346, 23/02/2013). The patients who agreed to participate in the study signed two copies of an informed consent statement.
RESULTS
Data were collected with the daily monitoring of 1487 participants in inpatient clinical and surgical units of the two hospitals of the study. Of these participants, 860 (57.8%) were women with an average age of 58.1 ± 15.4 years, a minimum age of 18 and a maximum age of 97 years. The average hospital stay was 4.8 ± 4.5 days (minimum 1, maximum 28 days). With respect to falling, 393 (26.4%) patients had a fall history prior to admission and 104 (7.0%) suffered falls during their hospital stay. Regarding the day of the fall during hospitalisation, for 54 (51.9%) patients the fall occurred on the first day, for 27 (26.0%) on the second day, for 15 (14.4%) between the third and tenth day, and for eight patients (7.7%) the fall occurred after the tenth day.
Based on the scores of the MFS items, the average total score was 40.5 ± 21.7 points (median 35; minimum of zero and maximum of 125 points). As to the classification of risk for MFS-B, 597 (40.1%) were at high risk 508 (34.2%) at moderate risk, and 382 (25.7%) at in low risk of falling. Table 1 shows the risk classification and average and median scores of the evaluated MFS-B items, according to the occurrence or not of falls. Table 1 shows the statistically significant association between the occurrence of falls and the risk classification (p<0.00001), and the group that presented falls showed an association with high risk. This was also observed in the comparison of the groups (falls and no falls) with the average scores of the items Fall history, Ambulatory aid, Gait and Mental status, and the total score of the scale.
Morse Fall Scale (MFS-
Regarding the reliability of the MFS-B, Cronbach's alpha was estimated at 0.278, which shows that the items assess differentiated information. The exclusion of any item does not raise the overall value of alpha. Figure 1 shows the fall risk prediction results based on the ROC curve.
In the analysis of the relationship between the cases with falls and the total score of the scale, the best estimate obtained in the area under the ROC curve was 0.848 (CI: 95%: 0.820 -0.876). At the cutoff point 44.78 (45 points, if rounded) of the average MFS-B score, the sensitivity was 0.952 (95.2%) and the specificity was 0.640 (64%).
Discriminant analysis was performed to identify the MSF-B items that best discriminate patients with risk of falling from a score of 45 points. The items Secondary diagnosis and IV or heparin or saline IV access did not show the power of discrimination (p = 0.543 and p = 0.395, respectively). However, the items with the highest power of discrimination (p<0.0001) were Fall history, Mental status, Gait and Ambulatory aid. Table 2 shows the predictive distribution (confirmatory factor analysis) and observed distribution of the falls.
The data of Table 2 shows that the sensitivity of the scale (percentage of a correct decision) was 90% (94/104) and the positive predictive value was 20% [94/(94 + 1018)]. However, the specificity of the scale (percentage of right decision for patients who have not fallen) was 73.6% (1018/1383) and the negative predictive value was 99% [1018/(1018 + 10)].
In relation to the correct or incorrect classification for the variable falling (yes or no), Diagonal A shows that in 1112 (74.8%) of the cases with and without falling, the classification of patients was correct (true negatives and true positives), whereas according to Diagonal B, in 375 (25.2%) of the cases the rating was incorrect (false negatives and false positives) ( Table 2) . Table 3 shows the correlation between the items of the MFS-B.
Factor analysis was performed in order to confirm the hypothesis of independence between the items of the scale, and investigate whether the structure of the MFS-B is similar to the original structure. The investigation of relevant correlations between the items of the construct revealed significant correlations, albeit of a weak magnitude (r<0.300), with a minimum of 0.105 (p=0.049), between the items Secondary diagnosis and Gait, and a maximum of 0.527 (p<0.001), between the items Ambulatory aid and Gait (Table 3) . Table 4 presents the factor load matrix of the MFS-B. The Kaiser-Meyer-Olkin (KMO) measure was 0.684, which indicates that the items of the MFS-B are suitable for factor analysis. The factor analysis revealed that the six items of the scale are represented by the six factors singled out by the technique. The factor loads for each of the items 
DISCUSSION
Identifying the risk of falls is fundamental to reduce safety incidents during hospitalisation. The use of instruments that measure risk is a valuable and practical strategy that should be used by health professionals.
In this study, the average scores of the MFS-B among patients who had suffered a fall and those who had not were similar to those of the validation of the Korean MFS (69.0 ± 24.1; 45.0 ± 23.2, respectively) (7) . However, the scores were higher than the scores found in the Chinese validation (32.12 ± 26.2; 28.68 ± 19.13, respectively) (8) and in the original version (24.78 ± 22.95) (5) . The study of Portugal (10) does not describe the occurrence of falls and presents an average MFS score of 50.2 ± 24.2 points. These findings are probably the result of different patient profiles used in the study, such as patients at clinics, surgical units, and extended stay for the elderly, which lead to differentiated MFS score.
The cutoff point and the fall risk prediction capacity of the MFS have been the target of scrutiny in various studies in different countries. The MFS-B proved adequate to predict the occurrence of falls and produced a satisfactory ROC curve (0.848); the score of ≥ 45 points was defined as the best cutoff point for fall risk. This result coincides with the cutoff point to identify high risk of the original scale (5) and with the cutoff point found in the Chinese version (8) . However, it differs from the Korean version (50 points) (7) and the German version (55 points) (9) . In this study, the score ≥ 45 points to predict the risk of falling during hospitalisation obtained the best result for the sensitivity of the scale (95.2%), i.e. the highest frequency of falls occurred in patients who obtained this score (true positives). This evidence was better than the evidence found in the Chinese version (31%) (8) , the original and the Korean versions (78%) (6, 7) and in the German version (74.5%) (9) . For specificity in the Brazilian version, the frequency of patients with scores below 45 points and of patients who did not fall was 64%. This percentage was better than the findings of the Korean version (55.8%) (7) , which is similar to the German version (65.8%) (9) and lower than the original and Chinese versions (83%) (6, 8) . These results show that the MFS-B has a good capacity to predict fall risk.
Items of the MFS-B
With respect to confirmatory factor analysis, the MFS-B classified 74.8% of the patients correctly (true positives and true negatives), which is slightly lower than the percentage found in the original version (80.5%) (6) . However, the variability of both sensitivity and specificity demonstrated in validation studies of this scale suggests the existence of important extrinsic factors related to falls that are not considered by the MFS, such as the infrastructure of the room/ward (lighting, placement of furniture, bell, height of the beds, among others) and the patient environment during the first days of admission.
Another important aspect to be considered is the change of patient behaviour regarding fall prevention during the study. The Hawthorne effect must be considered since approaching the patient and applying the daily MFS-B review can trigger a positive change of attitude (patients/chaperones and professionals), as observed in the patient statements, "I get it now, call someone to help me" or "I changed my shoes".
When evaluating reliability, it is important to establish whether the relationship between the items measures similar or different aspects. The analysis of the internal consistency of the MSF-B revealed a Cronbach's alpha (α = 0.28) in the correlation between the items. According to the author of the original scale (6) , the MSF comprises six independent items that measure different information, which is a necessary feature when measuring a multifaceted phenomenon. This aspect was also found in the original version (α = 0.16) (6) and in the Chinese version (α = 0.26) (8) .
The factor analyses confirm the need to maintain the six items of the scale because they provide specific information for the final risk score. None of the items of the scale can be extracted or grouped without compromising the structure or the purpose of the scale. In the Chinese version (8) , the factor analysis revealed three factors: Factor 1 grouped the items Gait and Ambulatory aid (factor load 0.83); Factor 2 grouped Secondary diagnosis and IV therapy (factor load 0.71 and 0.65, respectively); and Factor 3 grouped Fall history and Mental status (factor load 0.84 and 0.52, respectively).
Regarding the Brazilian version, the maintenance of six scale items is reinforced by the findings of the correlation analysis, which showed a weak relationship between all the items with the exception of Gait and Ambulatory aid. The findings corroborate the original version in that each item brings differentiated information, thus making any exclusion or addition unadvisable.
Despite the apparent simplicity of application of the MFS-B, it is important to ensure the permanent education of the professionals who will assess fall risk since the incorrect understanding of any item may result in an inadequate score and misguided risk classifications. The item Mental status, for example, does not evaluate the patients' level of consciousness, but rather how patients comprehend their capabilities or limitations when walking unaided. When the health professional identifies that the patient is at risk of falling (use of psychoactive medications, changes in gait and balance, for example) and provides the corresponding guidelines, the expected response is that the patient will not walk alone. The contrary refers to a fall risk score because the patient has forgotten his or her limitations and overestimated his or her capabilities.
Studies on fall risk are complex due to the multiplicity of causes, the complexity of health issues and the individuality of patients, which casts doubts on the real risk prediction capacity of scales since no scale can contain all the risk factors for falls. This aspect is discussed in research that analyses the risk and occurrence of falls and focuses on the need for robust designs and financial, structural and human investments since the fall risk classification can vary at any time during patient hospitalisation (11) .
CONCLUSION
The results of this study show that the psychometric properties of the MFS-B are consistent and appropriate to evaluate the risk of falls among hospitalised adults in the investigated Brazilian scenario. The predictive validity was similar to the original version and the cutoff point of ≥ 45 points was maintained as indicative of fall risk. The low value of the Cronbach's alpha and the low correlation between the items of the MFS-B confirm the independence of the items and, therefore, the maintenance of all the items to predict risk.
New research that addresses the psychometric assessment of MSF-B in hospitals and other healthcare scenarios Rev Gaúcha Enferm. 2016 Dec;37(4):e62200 is suggested and can contribute to the elucidation of existing doubts, considering the multiple causes of falls. The results of this study can support the application of the MFS-B in education, research, care, and management.
A limitation of this study is the absence of an investigation of fall risk among patients of specialised units. However, it is believed that the information bias was minimised with the inclusion of clinical and surgical patients, young adults, middle-aged patients and elderly patients with a wide range of diagnoses. In addition, the study was conducted in two university hospitals with prospective and random daily tracking of patients throughout the hospital stay to capture the individual variations and consequently ensure that the risk score analysed in this study was as reliable as possible.
